We have been conducting a mouse cDNA project to predict protein-coding sequences of mouse homologues of human KIAA and FLJ genes since 2001. As an extension of these projects, we herein present the entire sequences of 500 mKIAA cDNA clones and 4 novel cDNA clones that were incidentally identified during this project. We have isolated cDNA clones from the size-fractionated mouse cDNA libraries derived from 7 tissues and 3 types of cultured cells. The average size of the 504 cDNA sequences reached 4.3 kb and that of the deduced amino acid sequences from these cDNAs was 807 amino acid residues. We assigned the integrity of CDSs from the comparison with the corresponding human KIAA cDNA sequences. The comparison of mouse and human sequences revealed that two different human KIAA cDNAs are derived from single genes. Furthermore, 3 out of 4 proteins encoded in the novel cDNA clones showed moderate sequence similarity with human KIAA proteins, thus we could obtain new members of KIAA protein families through our mouse cDNA projects.
In the postgenomic era, comprehensive approaches are widely taken to accumulate data on gene expression profiles, protein localization, protein-protein interactions, genetic interactions, and phenotypic descriptions of genetically modified animals. For implementation of these approaches, a collection of cDNA clones frequently serves as a critical resource. Considering this, since 1994 we have been conducting a human cDNA project to accumulate information regarding the protein-coding sequences Communicated by Michio Oishi * To whom correspondence should be addressed. Tel. +81-438-52-3919, Fax. +81-438-52-3918, E-mail: hkoga@kazusa.or.jp (CDSs) of unidentified human genes. 1 We focused our sequencing efforts on the analysis of human long cDNAs which are likely to encode large proteins for the following reasons: (1) Positionally cloned disease genes frequently encode large proteins, 2 (2) large proteins consisting of multiple domains tend to be relevant to higher order cell functions, (3) large proteins and the long cDNAs remain to be elucidated because of the technical and practical difficulties in their analyses. As an outcome of this human cDNA sequencing project, we have so far reported the cDNA sequences of more than 2000 newly identified human genes, designated as "KIAA" plus a 4-digit num-
206
Sequencing of Mouse KIAA-Homologous cDNAs [Vol. 11,  ber, and 420 cDNA sequences, designated as "FLJ" plus a 5-digit number. 3−5 Interestingly, more than 50 genes have been identified as disease genes by other groups in the past 10 years, 6 which convinced us that the approach we took worked well.
To move towards the second stage of our cDNA project, since 2001 we have been collecting cDNA clones from a model animal. Because of legal and ethical restrictions in the use of human materials, it is reasonable to perform physiological, developmental, and genetic studies in a model animal system for functional characterization of KIAA and FLJ genes. We selected the mouse as a model organism for the following reasons: (1) approximately 99% of mouse genes have homologues in the human genome, (2) a high-quality draft genome sequence is publicly available (3) genetic manipulations of mouse embryo, such as transgenic and knockout approaches, are well established and many lines of genetically modified mice are available. In this context, we first began to isolate and characterize cDNA clones encoding mouse counterparts of KIAA and FLJ proteins. We have already reported the cDNA sequences of approximately 1000 mouse KIAA-homologues and 110 mouse FLJ-homologues, and designated them using "mKIAA" plus a 4-digit number corresponding to the human KIAA cDNA 7−10 and "mFLJ" plus a 5-digit number corresponding to the human FLJ cDNA. 11 Besides accumulating mouse cDNA clones, we produced a set of antibodies against mouse KIAA and FLJ proteins, because an antibody is indispensable to capture specific proteins of interest both in vitro and in vivo for the study of physiological function at the protein level. We have so far produced more than 600 mKIAA antigens for the production of antibodies.
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In this study, we report 500 mKIAA cDNA sequences and 4 unknown cDNA sequences, which were incidentally identified during the course of this project. The evaluation results of the integrity for the protein-coding sequences (CDSs) of these cDNA sequences are also described.
Assignment of CDS in Mouse KIAA-homologous cDNAs
The cDNA clones were isolated from the sizefractionated mouse cDNA libraries derived from 7 different mouse tissues: 132 clones were derived from fetal brain (17-embryonic-day-old ICR mice), 86 clones from adult brain (8-week-old BALB/c mice), 79 clones from adult pancreatic islets (C57BL/6 mice), 63 clones from embryonic tail (18.5-embryonic-day-old ICR mice), 51 clones from adult thymus (C57BL/6 mice), 50 clones from embryonic intestine (18.5-embryonic-day-old ICR mice), 22 clones from adult spleen (6-week-old male ICR mice) and 3 mouse cultured cells. Of these 132 clones, 19 were derived from natural killer T (NKT) cells (C57BL/6 mice), 1 from bone marrow-derived dendritic cells and 1 from adult splenocytes. NKT cells were prepared as previously described.
11 Dendritic cells were cultured from bone marrow cells of femurs and tibias, and they were grown in 10% fetal calf serum (FCS) containing RPMI 1640 supplemented with 10 ng/ml murine GM-CSF (PeproTech, London, U.K.) and stimulated by adding 100 ng/ml bacterial lipopolysaccharide (Escherichia coli O55:B5) (Sigma, St. Louis, MO) for the last 3 hr. 13 During cultivation, non-adherent cells were discarded and only the loosely adherent cells were passaged. Splenocytes were grown in 10% FCS containing RPMI 1640 and stimulated by adding 100 ng/ml bacterial lipopolysaccharide for the last 2 hr. These cDNA libraries were constructed by the in vitro recombination-assisted method using poly(A)
+ RNA prepared with a MACS mRNA isolation kit (Daiichi Pure Chemical, Tokyo, Japan).
14 In particular, it should be noted that RNAs from spleen and dendritic cells were prepared using a Concert TM cytoplasmic RNA reagent (Invitrogen). 11 The cDNA clones to be entirely sequenced were selected as previously described.
7−9,11 After the careful comparison of newly determined cDNA sequences with those registered in the public databases, we deposited only the unknown mouse cDNA sequences to the DDBJ/EMBL/GenBank databases (accession numbers are given in Table 1 ).
7−9,11
Their structural features are summarized in Table 1 and Figs. 1-3. We decided to designate the 500 mouse KIAA cDNA sequences homologous to human KIAA cDNA clones, as "mKIAA" plus the same 4-digit number as the corresponding human KIAA cDNA clone. Among them, 14 mKIAA cDNA clones (mKIAA2005, mKIAA2009, mKIAA2010, mKIAA2013, mKIAA2018, mKIAA2021, mKIAA2023-mKIAA2025, mKIAA2027-mKIAA2030 and mKIAA2032) corresponded to recently identified KIAA cDNAs which were only directly deposited in the public sequence databases. In addition, although 4 cDNA clones were eventually found not to be homologous to any KIAA cDNAs, these were designated "mKIAA" plus a 4-digit number which has not been allocated for human KIAA genes (mKIAA3024 and mKIAA3026-mKIAA3028). The structural features of these new mKIAA cDNAs are described in a separate section in detail.
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than 50% amino acid identity to corresponding KIAA CDSs by FASTA analysis in each cDNA clone, the average size of the deduced amino acid sequences becomes 807 amino acid residues. Multiply predicted CDSs in a single cDNA sequence are most likely the result of artificial CDS splits caused by errors of reverse transcription, retained intron(s), or other cloning artifacts. 16 Further confirmatory experiments are required to determine whether these predicted CDS interruptions are spurious or not. However, since we have already done many such confirmatory experiments for a considerable number of human KIAA cDNA clones, the comparison of structures of mKIAA and KIAA cDNA clones provided us an alternative route to evaluate the integrity of the observed CDS interruptions. 7−9,11 When a CDS split was predicted only in mouse cDNA clone and the corresponding region was assigned to encode a continuous single CDS in human cDNA, we considered that the predicted CDS interruption in the mouse cDNA clone was most likely spurious. Based on this assumption, we found that 63 mKIAA cDNAs contained spurious CDS interruption(s), and their spurious CDS interruptions were classified into the following four categories: 1) cDNA clones mKIAA0048 and mKIAA0960 appeared to contain a nonsense mutation; 2) 19 mKIAA cDNA clones appeared to contain frameshift errors; 3) 40 mKIAA cDNA clones retained intron(s); 4) mKIAA0586 cDNA clone carried both a nonsense mutation and intron(s); and 5) cDNA clone mKIAA1964 carried both retained frameshift errors and intron(s) (Fig. 2) . These five categories of CDS interruptions in the cDNAs are shown in Fig. 2 using the symbols *, $, #, */# and $/# for categories 1 to 5, respectively. Most of the frameshift mutations were caused by a one-or two-nucleotide insertion/deletion which is frequently found in regions with homopolymeric runs and is most likely due to errors in reverse transcription. 16 When a CDS split was only predicted in a mouse cDNA clone and the human regions corresponding to its adjacent regions were predicted to form a longer continuous CDS with an additional CDS region, we assumed that the predicted CDS interruption in the mouse cDNA clone was caused by alternative splicing or occasionally caused by splicing error. Twelve mKIAA cDNA clones (mKIAA0291, mKIAA0618, mKIAA0725, mKIAA0879, mKIAA1074, mKIAA1193, mKIAA1278, mKIAA1611, mKIAA1637, mKIAA1856, mKIAA1899 and mKIAA1951) were assumed to be produced by alternative or aberrant splicing. This class of CDS interruptions in the cDNAs is shown in Fig. 2 (plus signs) .
Furthermore, when a CDS split was predicted in mouse cDNA clone and no CDS was predicted in the corresponding region in human cDNA and when a CDS split was predicted in cDNA of both mouse and human, we discussed the presence and the integrity of the second short CDS in a single mouse cDNA clone in the previous reports.
7 −9,11 In this study, we found such short CDSs in 24 mKIAA cDNAs and evaluated their integrity. Unfortunately we could not evaluate 12 cryptic CDSs (in mKIAA0472, mKIAA0599, mKIAA0646, mKIAA1021, mKIAA1067, mKIAA1141, mKIAA1192, mKIAA1480, mKIAA1527, mKIAA1596, mKIAA1811 and mKIAA1998), because no corresponding human cDNA sequence was present or no verified corresponding human cDNA sequence was available for the sequence comparison. According to the criteria in the previous reports, 7−9,11 we found 8 out of 12 short CDSs (in mKIAA0189, mKIAA0302, mKIAA0432, mKIAA0545, mKIAA0819, mKIAA0899, mKIAA1126 and mKIAA1836) were falsely predicted. As for the remaining cryptic CDSs (in mKIAA1634, mKIAA1847, mKIAA1855 and mKIAA2009), the second short CDSs were predicted both in mouse and human cDNA clones. If a start codon and stop codon of the second short CDS of mouse and human cDNA sequences are aligned, the cDNA may contain two possible CDSs; the upstream one may be truncated while the downstream one may be cryptic and untranslated. Among them, the second CDS in mKIAA1634 is very likely to be used in a particular tissue/cell or at a particular developmental stage, since the second short CDSs are well conserved in human KIAA1634 cDNA sequences and human KIAA1634 is a MAGI-3 protein known to have multiple alternatively spliced isoforms. 
Chromosomal Loci of mKIAA Genes
The currently available draft sequence of the mouse genome (ftp://ftp.ensembl.org/pub/mouse-7.3a/data/ golden path/), 18 enabled us to predict the genomic structures of mouse genes by comparing the cDNA sequences with their corresponding genomic sequence. 8, 18 To assign the chromosomal localization of the mKIAA genes identified in this study, the cDNA sequences were subjected to BLAST search against the mouse genome draft sequences, and the genome sequences that satisfied either of the following two conditions were selected: Evalue = 0.0 and sequence identity is 90% or greater; or E-value is ≤ 1× 10 −10 and sequence identity is 99% or greater. Then they are aligned with the cDNA sequences by SIM4. 19 As shown in Table 1 , we could successfully map 502 mouse KIAA cDNAs on the genome under these conditions, while 2 cDNAs (mKIAA0400 and mKIAA1933) could not be mapped. The results from the sequence analysis of mouse KIAA cDNAs including the predicted genomic structures are summarized in the ROUGE database and are available through the World Wide Web (http://www.kazusa.or.jp/rouge/). . The homologous protein with the highest score was listed, when it satisfied the following conditions, i) the protein was annotated, ii) the aligned region exceeded 200 amino acid residues, and iii) percent identity in the algined region was 30% or greater.
b) The values mean the ratio of the length of aligned region to the original length of the query sequence, in percentage. c) Function was classified based on the annotation of the homologous protein in the database. 
Incidental Identification of Novel cDNA Clones which are not KIAA-orthologous cDNAs
During the course of this study, we incidentally identified and characterized 4 cDNA clones, which were eventually found not to be homologous to any KIAA cDNAs. Among them, three genes (mKIAA3024, mKIAA3027, and mKIAA3028) encoded proteins similar to the corresponding human KIAA proteins to some extent, and they are members of each functional annotated protein family. The possible functions of the gene products predicted by homology searches against the public nonredundant amino acid sequences are shown in Table 2 . mKIAA3024 protein exhibited moderate sequence similarity (65.6%) to KIAA1496 protein and both of them are members of the TAG-1/F3 subgroup of axon-associated cell adhesion molecules (AxCAMs). mKIAA3024 protein was found to be the mouse orthologue of human contactin 4 which participates in the retinoid-induced neuritogenesis.
21 mKIAA3027 protein also showed moderate sequence similarity (59.9%) to KIAA1095 protein and was identical to hypothetical mouse semaphorin F cytoplasmic domain-associated protein 3A. Semaphorin F (SEMAF) is a member of the semaphorin family and acts as a repulsive axonal guidance signal, and the human SEMAF gene maps within the Cri-du-chat syndrome.
22
Although the physiological functions of semaphorin F cytoplasmic domain-associated protein 3A are not known, the protein may function in axonal pathfinding related to Cri-du-chat syndrome through the interaction with semaphorin F. mKIAA3028 protein showed relatively high sequence similarity (70.5%) to KIAA0357 protein and was a novel axonemal dynein heavy-chain. As known axonemal dyneins function as molecular motors that drive the beating of cilia and flagella, 23 the physiological functions of mKIAA3028 protein may also be to provide motive force in cilia and flagella. The remainder (mKIAA3026 protein) had no homology to any KIAA protein and did not belong to any known protein family; however, mKIAA3026 protein is a zinc-finger protein and exhibited a low but considerable sequence similarity (34.9%) to Drosophila castor protein required for the development of CNS neurons. In our previous study, multiple KIAA genes supposed to be independent were found to be portions of a very large single gene. 7−9 In this study, we also found one mKIAA cDNA (mKIAA1784) that seemed to bridge two different human KIAA cDNAs (KIAA1784 and KIAA1987).
The mKIAA cDNA and genomic structures were compared with those of the corresponding multiple human KIAA genes (data not shown).
To assign the genome structures, the cDNA sequences were subjected to BLAST search against the mouse and human genome sequences (ftp://ftp.ncbi.nih.gov/genomes/H sapiens).
The genomic structures of the cDNAs were assigned by SIM4 under the same conditions described above. 19 The cDNA set of KIAA1784/KIAA1987 mapped on a single chromosome (Chromosome 16) which is consistent with the assumption that these cDNAs were derived from a single gene. For convenience, mouse cDNA clones homologous to a respective set of human KIAA cDNAs were designated as mKIAA plus the earlier number of human KIAA genes.
